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AUTOMATION-COMPATIBLE SLIDE FORMAT SAMPLE CARTRIDGE 



Field fthelnventi n 

The present invention relates generally to multiple sample vessels for aqueous test 
5 solutions, and more specifically to a method and apparatus for performing multiple sample assays 
using an improved vessel, having multiple sample wells, and adapted for use with standard 
thermal cycling apparatus and with standard automated effector equipment 

Background of the Invention 

10 A number of research and clinical procedures and analytical techniques require or desire 

the use of an array of wells or tubes in whi ch mu ltiple samples can be placed for screening and 
evaluation and be subjected to thermal cycling. Examples of these techniques/procedxures 
include: polymerase chain reactions (PCR), and primed in situ synthesis (PRINS). Prior art 
multiple sample vessels that provide an array of wells suitable for subjecting aqueous solutions to 

15 thermal cycUng are known. These prior art vessels typically are one of two types. The first type 
of prior art vessel has been developed to be compatible with standard automated processing 
equipment using a known "microplate format" having an 8 by 12 rectangular array of wells (96 
sample wells in total) with center-to-center spacing of 9 mm. 

MJ Research Corporation of Watertown, MA, the assignee of the present application, has 

20 developed a 384 sample well vessel based on the microplate format. The 384 sample well vessel 
provides 384 wells by reducing the center-to-center spacing of the wells to 4.5 mm, while 
maintaining the same overall dimensions of the vessel. The 384 sample well vessel 10, shown in 
Figs. 1 A and IB, includes a 16 by 24 rectangular array of wells 12. Each of the wells is made 
firom a conical-shaped tube, as shown in Fig. IB, to facilitate heat transfer to the sample during 

25 thermal cycling. During thermal cycling, the vessel 10 is placed upon a metal temperature- 
control block 14, shown in Fig. IC, that has a number of cavities 15 for receiving each of the 
wells 12. The control block is heated and cooled to thermal cycle the samples in the wells. 

The second type of prior art vessel is essentially a microscope slide onto which a sample 
is placed. For some samples, such as cellular samples used in in situ studies, it is desirable to use 

30 a microscope slide as the medium. Some prior art microscope slides include one or more wells 
for holding one or more samples. There are a number of sample block devices available into 
which microscope slides may be inserted to provide thermal cycling of the samples. One such 
sample block device 16 is shown in Fig. 2. The sample block device 16 is designed such that two 
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of the devices fit within a thermal cycler, such as that available from MJ Research, Inc. of 
Watertown, MA under Part No. ALD-021 1 . The sample block 16 is described further in co- 
pending U.S. Patent Apphcation 08/567,887, assigned to the assignee of the present application, 
and incorporated herein by reference. The sample block 16 has a number of sample cartridge 
5 slots 18 for receiving microscope slides to subject samples on the microscope slides to thermal 
cycling. Each of the cartridge slots 18 are approximately 70 mm deep, 28 mm wide and 3.5 mm 
high to accommodate standard microscope slides that are typically approximately 25 mm wide 
by 76 mm long. 

When two sample blocks are used with a thermal cycler, they provide a larger area of 
10 thermal control than when the thermal cycler is used with a standard microplate. However, as 
discussed above, the sample blocks are designed to accommodate microscope sUdes, and 
standard microplates have an advantage over microscope slides in that they provide a larger 
number of sample wells, and the sample wells of standard nfiicroplates can be filled and analyzed 
using existing automated equipment. 
15 It is desirable to provide a multiple sample vessel that can be filled and analyzed using 

standard automated equipment, and can also be subjected to thermal cycling using sample blocks 
designed to accommodate microscope slides. 

Summary of the Invention 

20 Embodiments of the present invention are directed to an apparatus and method for 

subjecting samples to thermal cycling. 

In a first embodiment, a cartridge for containing samples includes a body having an upper 
surface with a length and width, each of which is approximately equal to a length and a width of 
a standard microscope slide, and a plurality of wells fomied within the upper surface of the body. 

25 in one version"ofthe"first embodimentlhexenter-to=center spacing between each pairofadjacent 
wells in the plurality of wells is approximately either 9 mm, an integral fraction of 9 mm, or an 
integral multiple of 9 mm. 

In other versions of the first embodiment, the cartridge includes one or more of the 
following features: each pf the wells is at least 2.4 mm deep; each of the wells has a raised rim 

30 such that grooves are formed on the upper surface between the wells; each of the wells has a flat, 
transparent bottom to permit optical inspection of samples contained within the wells; each of the 
wells has a base that is less than 0.75 mm thick; the wells are arranged in a 6 by 16 array; the 
cartridge further includes a cover that seals each of the wells; the cover is a multi-layer sheet 
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having a stiff backing layer, a defonnable layer, and may include a hinged section for attachment 
to the cartridge; and the cover is transparent to allow optical inspection of samples in the wells 
through the cover* 

In a second embodiment of the present invention, a cartridge holder includes a frame 
5 having an upper surface, a plurality of cartridges disposed on the upper surface, each of the 
cartridges including a body having an upper surface with a length and width, and a plurality of 
wells formed in the upper surface of the body. The plurality of cartridges are arranged on the 
upper surface of the frame such that the wells of the cartridges form a continuous grid. 

In different versions of the second embodiment, the cartridge holder includes one or more 

10 of the following features: the center-to-center spacing of wells in the grid is approximately either 
9 mm, an integral fraction of 9 mm, or an integral multiple of 9 mm; four cartridges are disposed 
on the upper surface of the frame; the length and width of each body is approximately equal to a 
length and width of a standard microscope slide; the wells of each of the cartridges are arranged 
in a 6 by 16 grid, and the wells of all the cartridges are arranged in a 16 by 24 grid; the fi'ame has 

15 a first side, a second side and a back side, each extending above the upper sur&ce; each of the 
wells is approximately 2.4 mm deep; each of the wells has a raised rim such that grooves are 
formed between the wells; each of the wells has a flat transparent bottom; and at least one of the 
cartridges has a handle section extending beyond the upper siuface to allow the cartridge to be 
grasped for placement in and removal from the cartridge holder. 

20 A third embodiment of the present invention is directed to a method of thermal cycUng 

samples including steps of loading a plurality of cartridges into a cartridge holder, each of the 
cartridges having a pluraUty of wells arranged in a first grid, filling each of the wells with a 
sample, loading each of the cartridges into a thermal block, subjecting the samples to thermal 
cycling, removing the cartridges from the thermal block, and analyzing the samples. 

25 In diff^ent versions of the tfiifdraMbodSnent, the method includes one or more ofa 

nimiber of features including: the step of loading includes a step of arranging the cartridges in 
the cartridge holder such that the wells of the cartridges form a second grid; the second grid 
includes 384 wells arranged in a 16 by 24 array; the wells in the second grid have a center-to- 
center spacing of approximately either 9 mm, an integral fraction of 9 mm, or an integral multiple 

30 of 9 mm; each of the cartridges has a length and width, each of which is approximately equal to a 
length and width of a standard microscope slide; each of the wells has a transparent flat bottom; 
the step of analyzing includes a step of optically inspecting the samples through the bottom of the 
well; and the method further includes a step of seaUng each of the wells using a cover. 
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Brief Description of the Drawings 

For a better understanding of the present invention, reference is made to the drawings 
which are incorporated herein by reference and in which: 
5 Figs. 1 A and IB show a multiple well vessel in accordance with the prior art; 

Fig. IC shows a temperature control block used with the multiple well vessel shown in 
Figs. 1 A and IB. 

Fig. 2 shows a sample block used for thermal cycling samples contained on microscope 

slides. 

10 Fig. 3 shows a perspective view of a sample cartridge in accordance with one 

embodiment of the present invention; 

Fig. 4 shows a top view of the sample cartridge of Fig. 3; 

Fig. 5 shows a cross-sectional view of the sample cartridge of Fig. 3 taken along lines A- 
A of Fig, 4; 

15 Figs. 6A, 6B and 6C show different embodiments of covers for the cartridge shown in 

Fig. 3. 

Fig- 7 shows a perspective view of a cartridge holder in accordance with one embodiment 
of the present invention; 

Fig. 8 shows a perspective view of the cartridge holder of Fig. 7 with four sample 
20 cartridges contained therein; 

Fig. 9 shows a second perspective view of the cartridge holder of Fig, 7 with four sample 
cartridges contained therein; and 

Fig. 10 shows a flow chart of a process for conducting thermal cycling of samples in 
accordance with one embodiment of the present invration. 
-25 - ■ 

Detailed Description 

One embodiment of a sample cartridge 20 will now be described with reference to 
Figs. 3, 4 and 5. The sample cartridge 20 has a length L of q)proximately 84 mm, a width W of 
approximately 27 mm, and a height H of approximately 3 mm. Therefore, the sample cartridge 
30 20 is of approximately the same width and slightly longer than a standard microscope slide. The 
sample cartridge 20 has a top surface 22 having a 6 by 16 array of sample wells 24. The 
cartridge has thin fiat sections 26 and 28 at each end of the cartridge, and has a flat bottom 
surface 30. The thin flat sections 26 and 28 allow the cartridge to be easily handled and 
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transported by automated equipment, such as a robotic ami, without the robotic arm coming in 
contact with the wells 24. 

In the embodiment of the invention shown in Figs. 3-5, the sample wells 24 have a 
center-to-center spacing of 4.5 mm, and there are a total of 96 wells. In another embodiment, a 
5 sample cartridge has a total of 24 sample wells formed in a three by eight array with center-to- 
center spacing of 9 mm. 

Each of the wells 24 in the cartridge 20 is open at the top surface of the cartridge, has a 
substantially uniform rectangular cross section with rounded comers as best shown in Fig. 4, has 
a depth of approximately 2.4 mm and a volume of approximately 12 mm^. Around each of the 
10 wells 24 in the cartridge is a raised rim 25. The raised rims improve sealing and reduce the 
possibility of contamination between wells by creating recessed areas 27 between each of the 
wells. 

The cartridge 20 is designed to fit within one of the cartridge slots 18 of the sample block 
device shown in Fig. 2 to allow thermal cycling of samples contained within the sample wells. 

15 To properly accommodate the cartridge 20, the sample block device may be manufactured with 
slightly larger openings. During thermal cycling, it is desirable to provide an air tight seal over 
each of the wells to prevent water vapor from escaping fix)m the wells causing a loss in sample 
volume. Any loss in volimie in a sample may change the concentration of reaction components 
in the sample and invaUdate test results. It is also desirable to isolate each of the wells to prevent 

20 cross-contamination of the samples. In addition, it is desirable that the air tight seal be 

removable to allow access to the wells after thermal cycling for testing of the samples. The air 
tight seal must be sufficiently thin to allow the cartridge to fit within one of the cartridge slots of 
the block device. 

In one embodiment of the present invention, the cartridge 20 is sealed using one of the 
25 techniques and materials described in co-pending U.S. Patent Application No. 08/337,160, which 
is assigned to the assignee of the present invention, and incorporated herein by reference. This 
sealing technique will now be described with reference to Fig. 6A which shows a perspective 
view of the cartridge 20 with a multi-layer composite sheet 32 disposed above the cartridge. The 
multi-layer sheet 32 includes a backing layer 34 and a sealing layer 36. The backing layer 
30 provides strength and uniformity to the sealing layer, and in one embodiment, is made from a 
flexible material such as polyester film to allow easy application and removal of the multi-layer 
sheet 32. The sealing layer 36 is made in one embodiment from an inelastically deformable 
material such as silicone so that the sealing layer can deform to account for any differences in the 
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height of the wells and to fit in the grooves between wells to provide an air tight seal. The 
surface of the sealing layer that contacts the upper surface of the cartridge is suifficiently tacky to 
adhere to the cartridge, yet can be readily removed to allow testing of the samples in the wells. 
In one embodimmt» the multi-layer sheet may be easily penetrated with a hyperdermic syringe 
5 for testing of samples, and the multi-layer sheet is transparent to allow observation of the 
samples. 

Fig. 6B shows an alternate embodiment of a cover 32A for the cartridge 20. The cover 
32A, similar to cover 32, includes a backing layer 34A and a sealing layer 36A. Cover 32A 
differs firom cover 32 in that it is flexible to allow the cover to be easily placed on and removed 

10 firom the cartridge 20. 

Fig. 6C shows another alternate embodiment of a cover 32B for the cartridge 20. The 
cover 32B is attached to the cartridge 20 using a hinge 33. The hinge is formed by extending a 
portion 35 of the backing layer 34B beyond the sealing layer 36B, and attaching the extended 
portion 35 to one of the flat sections 26 or 28 of the cartridge using an adhesive or some other 

1 5 known technique. The use of the hinge allows the cover to remain with the cartridge when the 
cover is lifted off of the wells. The hinged cover 32B may be implemented using either the 
flexible cover 32A shown in Fig. 6B or the rigid cover shown in Fig 6A. 

In one embodiment of the present invention, the multi-layer sheet is sealed to the 
cartridge 24 by placing a flat block over the top of the multi-layer-sheet and providing sufficient 

20 downward force on the block to cause the sealing layer to deform into the wells and grooves of 
the cartridge. 

Fig. 7 shows a cartridge holder 40 used for holding cartridges 20 during automated 
filling of the cartridge wells 24 and during testing and evaluation. Fig. 8 shows the cartridge 
holder 40 with four cartridges 20 contained within the holder, and Fig. 9 shows the cartridge 

25 ^holder 40 with 3 cartridges 20 loaded in ihe caftndge^liolder"md m partiidly" 
loaded in the cartridge holder. The cartridge holder has a working surface 42 having an area that 
is sized to accommodate four cartridges 20 adjacent to each other. While the working surface 
could be sized to accommodate a number of cartridges other than four, the use of four cartridges 
results in a 16 by 24 well array, with wells at 4.5 mm centers, that is compatible with standard 

30 automated processing equipment. 

The cartridge holder 40 has a first side rail 46, a second side rail 48 and a back rail 44 that 
hold the cartridges tightly against each other to provide 4.5 mm spacing between adjacent wells 
on adjacent cartridges. An opening 50 is provided at one edge of working surface to allow the 
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cartridges 20 to be easily loaded into and removed from the cartridge holder as shown in Fig. 9. 
The back rail SO includes three notches 52 that help to maintain each of the cartridges in its 
proper location on the working surface 42. As shown in Fig. 4, each of the cartridges 24 has 
rounded comers 29 and 31 on the flat section 28. Each notch 52 fits between a rounded comer 
5 29 of one cartridge and a rounded comer 3 1 of a second cartridge. 

In one embodiment of the present invention, the cartridge holder is made, using a mold, 
from a material such as polycarbonate plastic however, other suitable, sufficiently rigid materials 
could also be used. In this embodiment, the cartridges 20 are also made from a mold, so that the 
wells 24 are integrally formed within the cartridge to prevent any leaking of the samples. The 

10 cartridges are made using a material such as polypropelene plastic. Other materials could also be 
used to make the cartridges 20, however, it is preferable to use a transparent or semi-transparent 
material to allow optical analysis of the samples through the flat bottom of the cartridge. Instead 
of using a mold, the cartridges may also be machined from a block of material with each of the 
wells being formed by drilling the proper size wells in the block. 

15 A process 100 for using the cartridges 20, cartridge holder 40, and flie themial block 16 to 

perform automated themial cycling of samples will now be described with reference to Fig. 10. 
In a first step 110, four cartridges 20 are loaded into the cartridge holder 40 using a robotic arm. 
Prior to their loading into the cartridge holder, the cartridges 20 may be held in a stack or some 
other configuration. The sample wells are then filled in step 120 with samples using an 

20 automated dispensing machine such as a Biomeck-2000 Sample Processor available from 
Beckman Instruments, Brea, CA. In step 130, a multi-layer sheet is used to cover each of the 
cartridges as described above. One multilayer sheet may be used for each cartridge, or 
alternatively, one large multi-layer sheet of sufficient size to seal all four cartridges may be used 
If one large sheet is used, a knife or some similar cutting tool may be used to cut the multi-layer 

25 sheet to separate each of the cartridges. 

In step 140 of the process 100, each of the cartridges is loaded into a slot 18 of the 
themial block 16 using an automated robotic handler, and in step 150, the samples are thermally 
cycled in accordance with a predetermined themial profile. The samples are then removed from 
the themial block and are subjected in step 160 to one or more evaluations. In the process 

30 described above, automated robotic handlers are used to transport the cartridges 20. As 
understood by those skilled in the art, the process may also be perforaied by an operator 
manually. 
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The apparatus and methods of the present invention described above provide several 
advantages over the prior art. First, cartridges are provided that allow standard automated 
processing equipment to be used to fill sample wells, and allow thermal blocks, designed for 
microscope slides, to be used to subject the samples to theraial cycling. Second, unlike typical 
5 prior art 96-well vessels, cartridges in accordance with embodiments of the present invention 
have a flat, thin bottom allowing optical analysis of samples through the bottom of the cartridge 
using known optically based detection systems. Third, single 384-well vessels of the prior art 
allow 384 wells to be cycled simultaneously. In contrast, a twin tower thermal block having 32 
openings in each tower to accommodate a 96-well cartridge in accordance with embodiments of 

10 the present invention can provide thermal cycling for 3072 samples simultaneously, while 
maintaining a standard linear density of sample wells to allow the use of standard automated 
filling and analysis equipment. 

In conical shaped wells of prior art vessels, sample volumes are typically approximately 
100 ill and the wells provide a volume to surface ratio of 1.0 mm. In one embodiment of the 

1 5 present invention, the wells of the cartridges are designed to allow sample vohimes of 

approximately 10 ^1, while providing a volume to surface ratio of approximately 0.5 mm. With 
other relevant factors being equal, this should be expected to represent a reduction of the thermal 
time constant of the system by a factor of two when compared to typical conical-shaped wells. A 
reduction in theraial time constant reduces the time required to thermally cycle a sample, and for 

20 procedures requiring numerous theraial cycles for each sample, this is a significant advantage. 
Further, a lower volume to surface ratio generally provides a more consistent temperature 
throughout the entire sample during thermal cycling. 

There are prior art devices that provide for multiple sample wells on a microscope slide. 
Typically, these devices create wells by positioning a matrix firame on top of a standard 

25 microscopeslide. Embodiments of the presenrihvention diff^^fi^onTthese prior art devicesln 
that, an array of wells are formed in a microscope slide format substrate by molding or drilling 
the wells into the substrate. While there are some prior art substrates that have depressions or 
concavities ground or molded into them, typically, these concavities are sections of a sphere 
having diameters of approximately 1 cm and depths of approximately 1 -2 mm. One such device 

30 is available from Fisher Scientific of Hampton, NH, as part number 1 2-565B2. 

In an embodiment of the invention described above, each cartridge 20 has 96 wells 
arranged in a 6 by 16 well array, bi other embodiments, each cartridge may have a greater 
number of wells, however, it is preferred that the center-to-center spacing between wells be 
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maintained at 9 mm or some fractional value thereof to allow processing of the samples using 
standard automated equipment designed for 9 mm center-to-center spacing of sample wells. 
When oflier automated equipment is used for processing samples, the well spacing may be some 
value other than 9 mm or a fractional value thereof. Table 1 below lists several examples of 
5 cartridges in accordance with difT^ent embodiments of the present invention having different 
center-to*center well spacing, and shows the total number of available wells when four of the 
cartridges are combined in a cartridge holder such as cartridge holder 40 described above. 



Table 1 



Center-to-Center 


Well Array 


Well Array 


Total Wells For Four 


Spacing 


"Per Cartridge 


For Foxir Cartridges 


Cartridges in Holder 


9nam 


8x3 


8x12 


96 


4.5 mm 


16x6 


16x24 


384 




24x9 

32x12 


24x36 
32x48 


864 


2.25 mm 


1536 



10 



In embodiments of the present invention discussed above, sample wells are described as 
being used for polymerase chain reactions and primed in situ synthesis. In other embodiments, 
the cartridges 24 may have Ugands, such as oligonucleotides, attached within one or more of the 
sample wells. 

15 Having thus described at least one illustrative embodiment of the invention, various 

alterations, modifications and improvements will readily occur to those skilled in the art. Such 
alterations, modifications and improvements are intended to be within the scope and spirit of the 
invention. Accordingly, the foregoing description is by way of example only and is not intended 
as limiting. The invention's limit is defined only in the following claims and the equivalents 

20 thereto. 
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CLAEMS 

1 . A cartridge for containing samples, the cartridge comprising: 

a body having an uppo* surface with a length and width, each of which is approximately 
equal to a length and a width of a standard microscope slide; and 
5 a pluraUty of wells formed within the upper surface of the body. 

2. The cartridge of claim 1, wherein a center-to-center spacing between each pair of adjacent 
wells in the plurality of wells is approximately one of 9 mm, an integral fraction of 9 mm, and an 
integral multiple of 9 mm. 

10 

3. The cartridge of claim 2, wherein each of the wells is at least 2.4 mm deep. 

4. The cartridge of claim 3, wherein each of the wells has a raised rim such that grooves are 
formed on the upper surface between the wells. 

15 

5. The cartridge of claim 4, wherein each of the wells has a flat, transparent bottom to 
pemiit optical inspection of samples contained within the wells. 

6. The cartridge of claim 5, wherein a bottom surface of each of the wells is less than 0.75 
20 mm thick. 

7. The cartridge of claim 6, wherein the wells are arranged in a 6 by 16 array. 

8. The cartridge of claim 7, further comprising a cover that seals each of the wells. 

25 . 

9. The cartridge of claim 8, wherein the cover is deformable to fill in the grooves between 
eachof the wells. 

10. The cartridge of claim 9, wherein the cover is a multi-layer sheet having a stiff backing 
30 layer, and a deformable layer. 

1 1 . The cartridge of claim 1 0, wherein the cover is transparent to allow optical inspection of 
samples in the wells through the cover. 
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12. The cartridge of claim 1 1 , wherein the body is constructed using a maierial that is capable 
of withstanding a temperature of lOO^C and a pressure of 1 atm. 

13. The cartridge of claim 12, further comprising a handle section having a thickness less 
S than a thickness of a portion of the upper surface containing the wells. 

14. The cartridge of claim 1, wherein each of the wells has a raised rim such that grooves are 
formed on the upper surface between the wells. 

10 15. The cartridge of claim 1, wherein each of the wells has a flat, transparent bottom to 
permit optical inspection of samples contained within the wells. 

16. The cartridge of claim 1, wherein the wells are arranged in a 6 by 16 array. 

15 17. The cartridge of claim 1 , further comprising a cover that seals each of the wells. 

18. The cartridge of claim 17, wherein the cover is deformable to fill grooves between each 
of the wells. 

20 19. The cartridge of claim 1 8, wherein the cover is a multi-layer sheet having a stiff backing 
layer, and a deformable layer. 

20. The cartridge of claim 17, wherein the cover is transparent to allow optical inspection of 
samples in the wells through the cover. 

25 ~~ 

2 1 . The cartridge of claim 1 , further comprising a handle section having a thickness less than 
a thickness of a portion of the upper surface containing the wells. 

22. The cartridge of claim 8, wherein the cover is attached to the cartridge using a hinge. 



23 



A cartridge holder comprising: 

a frame having an upper surface; and 
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a plurality of cartridges disposed on the upper surface, each of the cartridges including: 
a body having an upper surface with a length and width; and 
a plurality of wells in the upper surface of the body; and 
wherein the pluraUty of cartridges are arranged on the upper surface of the firame such 
5 that the wells of the cartridges form a continuous grid. 

24. The cartridge holder of claim 23, wherein in at least one of the cartridges, a center- 
to center spacing between each pair of adjacent wells in the plurality of wells is approximately 
one of 9 mm, an integral fraction of 9 nrai, and an integral multiple of 9 mm. 

10 

25. The cartridge holder of claim 24, wherein the center-to-center spacing of wells in the grid 
is approximately one of 9 mm, an integral fraction of 9 mm, and an integral multiple of 9 mm. 

26. The cartridge holder of claim 25, wherein four cartridges are disposed on the upper 
1 5 siuface of the fi^e. 

27. The cartridge holder of claim 26, wherein the length and width of each body is 
approximately equal to a length and width of a standard microscope sUde. 

20 28. The cartridge holder of claim 27, wherein the wells of each of the cartridges are arranged 
in a 6 by 16 grid, and wherein the wells of all the cartridges are arranged in a 16 by 24 grid. 

29. The cartridge holder of claim 28, wherein the frame has a first side, a second side and a 
back side, each extending above the upper surface. 

25 ' 

30. The cartridge holder of claim 29, wherein each of the wells is approximately 2.4 mm 
deep. 

3 1 . The cartridge holder of claim 30, wherein each of the wells has a raised rim such that 
30 grooves are formed between the wells. 



32. The cartridge holder of claim 31, wherein each of the wells has a flat transparent bottom. 
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33« The cartridge holder of claim 32, wherein at least one of the cartridges has a handle 
section extending beyond the upper surface to allow the cartridge to be grasped for placement in 
and removal from the cartridge holder. 

5 

34. The cartridge holder of claim 33, wherein four cartridges are disposed on the upper 
sxuf ace of the frame. 

35. The cartridge holder of claim 23, wherein the length and width of each body is 
10 approximately equal to a length and width of a standard microscope slide. 



36. The cartridge holder of claim 23, wherein the wells of each of the cartridges are arranged 
in a 6 by 16 grid, and wherein the wells of all the cartridges are arranged in a 16 by 24 grid. 

15 37. The cartridge holder of claim 23, wherein the frame has a first side, a second side and a 
back side, each extending above the upper surface. 

38. The cartridge holder of claim 23, wherein each of the wells has a raised rim such that 
grooves are formed between the wells. 

20 

39. The cartridge holder of claim 23, wherein at least one of the cartridges has a handle 
section extending beyond the upper surface to allow the cartridge to be grasped for placement in 
and removal from the cartridge holder. 



25 40. A method of thermal cycUng samples comprising steps of: 

loading a plurality of cartridges into a cartridge holder, each of the cartridges having a 
plurality of wells arranged in a first grid; 

filling each of the wells with a sample; 

loading each of the cartridges into a thermal block; 
30 subjecting the samples to theraial cycling; 

removing the cartridges from the thermal block; and 

analyzing the samples. 
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41 The method of claim 40, wherein the step of loading includes a step of arranging the 
cartridges in the cartridge holder such that the wells of the cartridges form a second grid. 

5 42. The method of claim 4 1 , wherein the second grid includes 384 wells arranged in a 1 6 by 
24 array. 

43. The method of claim 42, wherein the wells m the second grid have a center-to-center 
spacing of approximately one of 9 mm, an integral fraction of 9 mm, and an integral multiple of 9 
10 mm. 



44. The method of claim 40, wherein each of the cartridges has a length and width each of 
which is approximately equal to a length and width of a standard microscope slide. 

15 45 . The method of claim 40, wherem each of the wells has a transparent flat bottom, and 
wherein the step of analyzing includes a step of optically inspecting the samples through the 
bottom of the well. 

46. The method of claim 40, further comprising a step of sealing each of the wells using a 
20 cover. 
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Fig. 1A 
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Fig. 1 C 
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Fig. 6B 




Fig. 6C 
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Fig. 8 
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